Genetic and biochemical analyses were conducted on fatty acid mutants of yeast deficient for A9-desaturase activity in the production of palmitoleate and oleate. Two genetic loci were observed and two others are inferred; three of these were represented by respiratory-deficient (petite) strains. All strains were incapable of converting palmitate to palmitoleate and stearate to oleate whether the direct precursor or acetate was followed. All strains were capable of acylating both de novoproduced fatty acids and oleate taken up from the medium into phospholipids and neutral lipids. Two revertants were analyzed which differed in their ability to produce palmitoleate and oleate.
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An unsaturated fatty acid (UFA) is required in the cellular composition of all organisms except viruses. Some of these synthesize all their lipid needs; others have specific requirements. In general, microbes and plants occupy the former category and animals the latter. Several microorganisms, however, require a UFA, e.g., a number of bacteria (4, 5, 7, 11, 15, 21, 22) , anaerobic yeast (1, 13) , mycoplasma (17) , and a mutant of Neurospora (12) . In addition, it is generally agreed that mammals and most insects require certain dietary UFA for normal growth and body maintenance. Silbert and Vagelos (20) isolated and biochemically characterized a fatty acid mutant of Escherichia coli. This mutant was not capable of producing palmitoleate (16:1) or cis-vaccinate (18:1 All), the naturally occurring UFA found in E. coli. They observed that oleate (18:1) could fulfill the UFA requirement. Later (19) their studies were extended to include a number of other fatty acids which could also substitute for the naturally occurring components. Yeast mutants requiring a UFA for growth have also been reported (16) . In the present study these mutants were further analyzed genetically and biochemically.
MATERIALS AND METHODS Genetic analysis. Sporulation of diploids was promoted by first growing the cells overnight on medium containing 5% dextrose, 1% yeast extract, 2.3% Nutrient Agar (Difco), and 0.5% agar, and then transferring the cultures to both types of sporulation 1 Present address: National Institute for Medical Research, Mill Hill, London NW 7, England. media described below. The sporulation culture was incubated for 3 days and then examined for the presence of asci. Spore tetrads were isolated according to the procedure described by Johnston and Mortimer (8) . The nutritional requirements of the spore clones were assayed by replica plating onto suitable diagnostic medium.
The following sporulation media were used: (i) 3% potassium acetate, 0.002% raffinose, 2% agar; and (ii) 1% potassium acetate, 0.1% dextrose, 0.25% yeast extract, and 2% agar. The standard liquid culture medium (YEPD) contained (w/v) 1% yeast extract, 2% peptone, and 2% dextrose; 2% agar was added for plate culture. Medium used for scoring the 3 .02 c/mmole (Nuclear Chicago), >99% pure. No tracer-containing impurities were found in acetate-1-14C by thin-layer chromatography. Areas of the plate were scraped off, eluted, and counted by scintillation spectroscopy. Standard background for each fatty acid was determined by collecting each component from a fatty acid carrier mixture by preparative GLC followed by scintillation spectroscopy. When 16:0-1-14C and 18:0-1-14C standards were collected by preparative GLC and then the 16:0 and 18:0 were reinjected and collected again, a measure of 16:0to 16:1 and 18:0to 18:1 peak overlap was achieved. Although the GLC recordings of peaks looked clean, there was a range of 0.2 to 1.7% of the counts recovered in the corresponding unsaturated area. Therefore, small amounts of radioactivity appearing in unsaturated positions could usually be accounted for by "bleed-over" from the corresponding saturated fatty acid (Table 1) .
RESULTS
Genetic analysis. It is of particular interest to determine the number of segregating genetic loci affecting the A'-desaturation of palmitate and stearate in yeast. Although evidence for four loci are presented, it is not known how many more it may be possible to isolate. The analysis is complicated since three of the four loci are represented by respiratory-deficient strains, and all of these have an additional nutritional requirement. In these studies, respiratory deficiency was defined by inability to utilize nonfermentable substrates, e.g., glycerol, for growth.
Spore viability was greatly increased over that observed previously (16) when the sporulation procedure was followed. Therefore, mutants reported earlier (16) could be subjected to further genetic analysis. All of the mutants tested (KD18, KD20, KD46, KD91, KD115 and KD180) were found to be recessive. In crosses of KD144 to a strain not requiring a UFA for growth (X1687-lOiB), the UFA requirement was not observed to segregate with any nuclear gene and gave 0:4 segregation (requirement: nonrequirement). Therefore, the UFA requirement in KD144 is tentatively considered to be cytoplasmically inherited.
Regular 2:2 segregation of requirement:nonrequirement was observed in tetrads obtained from a hybrid of KD46 and X1687-1O1B. In a cross of KD46 to a strain marked by ol 1, of seven asci analyzed, three were nonparental ditype and four were tetratype, indicating that the two genes are not linked. Therefore, KD46 bears the newly identified gene ol 2. (The diploid formed from KD46 and an ol 1 mutant was wild type.) Since diploids formed from KD91 or KD180 and strains marked by ol 2 (from KD46) also required a UFA, the mutations in the strains KD46, KD91, and KD180 are considered allelic and are given the allele designations ol 2-1, 2-2, and 2-3, respectively.
Regular 2:2 segregation of the lipid requirement was not observed when KD18 was crossed with wild type. Instead, the tetrad classes were of three types, 2:2, 1:3, and 0:4 (nonrequirement: requirement) with a frequency of 1, 13 (Table 1) were even less efficient in these additional desaturations.
To determine if there were differences between the distribution of long-chain fatty acids synthesized de novo from acetate and a long-chain fatty acid taken up by the organism and subsequently incorporated into lipid classes, two different tracers were employed simultaneously. Table 2 shows the distribution of tracer incorporated into FA from acetate-1-'4C and 18:1-9, 1O-3H. All of the mutants were capable of acylating both the fatty acids produced de novo and the fatty acids taken up from the medium into ester-containing lipids (Table 2 ). In general, the distributions of 14C and 3H are about the same, indicating that there is not a great deal of distinction between fatty acids formed de novo and fatty acids incorporated from the medium, as far as incorporation into lipid classes is concerned. Although there are quantitative differences in the distribution of labeled precursors into lipid classes among the strains employed, it is not presently possible to correlate these alterations with structural differences or with meaningful biochemical differences with any degree of confidence.
One interesting correlation revealed by (14) on Euglena, that there are at least three. In the present investigation, four possible genetic loci were identified, all of which resulted in A9-desaturase deficiency. However, it is also possible that in the group 1 mutants the desaturase deficiency results from their respiratory deficiency, since revertants of these mutants show a concomitant loss of the respiratory-deficient and UFA-deficient phenotypes. A component of mitochondria might be required for UFA synthesis as well as normal mitochondrial function. Thus, a cell deficient in this component would be respiratory-deficient and UFA-supplementable. The ly 6 and ly 8 mutants investigated by Sherman (18) are similar in that they are lysine auxotrophs and respiratory-deficient. These results indicate that the mitochondria are important not only in cellular respiration but also in the metabolism of various molecules. The pleiotropic effect of the ol 2, 3, and 4 mutants further corroborate this idea since they also require one of the amino acids or bases in synthetic complete medium.
Although no other respiratory-deficient mutants have been reported to require a UFA for growth, this may have been due to the methods of isolation; respiratory-deficient mutants that are ol+ may still retain the component required for UFA synthesis. However, the ol I mutants KD20 and KD115 are not respiratory-deficient nor do they require any amino acids or bases; thus, they appear to be true desaturation mutants.
The 16:1/18:1 ratio varies widely throughout the large number of organisms which produce both these fatty acids. For example, in another fungus, Neurospora, the 16:1/18:1 ratio is about 0.1; in Drosophila the ratio is close to 1.0, and in most higher animals the ratio is around 0.2. In yeast both the genetic composition and the growth medium alter this ratio. If culture conditions are kept constant, however, the ratio remains about the same in independent determinations for any given strain, as might be expected. Both KD20 and KD115 were derived from the same haploid wild strain, S288C, which was growing under identical culture conditions when each was isolated. The ratios for a revertant of each were different. The spontaneously occurring revertant of KD20, KD20r,, yielded a 16:1/18:1 ratio of 0.12, whereas a comparable revertant of KD115, KD115r,, gave a ratio of 1.3; these two ratios differ by a factor of 10. Since all seven of the mutants reported were blocked at the desaturations of both 16:0 and 18:0 and both revertants studied recovered both of these steps simultaneously, it seems clear that both reactions are mediated by the same enzyme. The work of Bloomfield and Bloch (2) on the yeast A9-desaturase enzyme also indicates that both activities are located together. Since A9-desaturase activity was restored to 16:0 and 18:0 differentially in the two revertants, it is likely that the corrected enzymes were not identical and thus had different specificities for the two substrates.
